Abstract 1. Intracellular activities of slow pyramidal tract cells and their family neurones were investigated during the EEG arousal of various intensities. 2. By assessing the intensity of midbrain reticular or natural stimuli, the arousal length of EEG and the extent of EEG stage shift, these neurones were identified as the recipient of enduring excitation (E+E) during both the phasic and tonic phases of EEG arousal, and were termed E+E cells. 3. These cells were located in all the cortical laminae. E+E responses took the form of continuous depolarization in most of the deep cortical layer cells, but separated initial and late peaks of depolarization were seen in most of the superficial layer cells. 4. The E+E response versus stimulus intensity or arousal length relationship consisted of plateau and rising limbs, which would characterize the initial and late E components, respectively. 6. The excitatory tonus was revealed in E+E cells with mean levels of resting membrane potential, being most hyperpolarized during highly synchronized EEG and gradually depolarized according to stage shift towards desynchronization.
reported will suggest that the late response of slow PT cells is also excitation.
If the initial and late responses are the same in nature, their discrimination has to depend upon a quantitative analysis of the cellular responses with the full aid of the above-mentioned intensity parameters. Analysis has been made of slow PT cells, and extended further to some non-PT cells as the family neurones of the former. These non-PT cells were selected by the only criterion of responses of exactly the same nature with those of slow PT cells during both the phasic and tonic phases of EEG arousal.
METHODS
The experimental set-ups were the same as those in previous papers (INUBusHI et al., 1978a, b; EZURE and OSHIMA, 1981a) .
RESULTS

Sampling of neurones
Thirteen slow PT cells were identified by antidromic excitation with latencies of 1.4-2.9 msec from the cerebral peduncle. These slow PT cells and 27 non-PT cells were subjected to analysis in this paper. All of the cells were sampled from the encephale isole cats (n=22) except one from a pretrigeminal cat. From these preparations 16 other cells that exhibited DF followed by E (DF+E cells) were recorded, and their dichotomic responses were used as a complementary means to assess the degree of EEG arousal in differentiating between the initial and late responses in the slow PT cell group (see below). Figure 1A and B illustrates intracellular responses (3) of a slow PT cell to EEG arousal (2) induced by relatively weak (A, 1) and intense pip sounds (B, 1). These responses were the membrane depolarization with slowly rising phase, and were sustained for a longer period to the intense pip (B3 as indicated with a bar b) than to the weak pip (A3, bar a). There are no indications of response dichotomy that serves to divide the EEG arousal into phasic and tonic phases. However, the EEG arousal in B should be ranked as the most intense of all the parameters of the stimulus intensity, arousal length and the stage shift in EEG.
Response patterns as Ed-E and their identification
In Fig. 1 C, a non-PT cell recorded from the same preparation shows tonic depolarization (3, bar c) to an experimenter's disturbing voice (Cl, hollow bar). This voice was the most intense acoustic stimulus throughout the experiment, in that it was given when the cat had been fully habituated to pip sound of any intensity.
These long-lasting depolarizing responses were proved to be excitation or the E response by demonstration of accompanying decreases of the effective mem- Figs. 1, 2, and 3, identification of E+E responses depended on the observation of many trials of the EEG arousal with the highest intensity. DF+E cells recorded from the same preparations often provided the assessment of EEG arousal with a good comparative survey of its intensity. For instance, the cell illustrated in Fig. 3 was subjected to 32 episodes of EEG arousal, and could be compared to two DF+E cells with 26 episodes of arousal recorded from the same cat, and the most intense arousal was fully assessed by using the DF+E pattern. reticular stimuli (1-1.2 times) and a rising limb for intense stimuli (1.2-2 times). However, only four values of the intensity (eight trials altogether) limit our inspection. Therefore, the arousal length is used as the substitute for the stimulus intensity, as adopted previously in testing DF+E cells (EZURE and OSHIMA, 1981a) . A total of 30 trials including reticular-induced and spontaneous EEG arousal (cf. Fig. 8 ) yield 12 pairs of mean response amplitude and arousal length, as plotted in Fig. 6B . The plateau limb in responses is seen for the arousal length of 4-11 sec and the rising limb corresponds to longer lengths than 11 sec. Since the positive correlation between the response and the stimulus intensity or the arousal length has been demonstrated as a property typical for the late E response in DF -{-E cells (EZURE and OSHIMA, 1981a) , the rising limbs shown in Fig. 6A and B would perhaps reflect a property of the late E response in E+E cells to tonic EEG arousal. The plateau limbs in Fig. 6 may be a property of the initial E response to phasic EEG arousal, like that of the DF response in DF+E cells (Figs. 5 and 8 in EZURE and OSHIMA, 1981a ).
The positive relationship of E+E responses to arousal length is also demonstrated in Fig. 7 for their incidence calculated from the data of Fig. 4A . The E-I-E incidence is very low for the range of arousal lengths from 1 to 5 sec, and grows gradually through the arousal lengths between 6 and 13 sec. For the lengths of more than 13 sec most trials show E+E responses. This relationship is similar Fig. 7 . E+E incidence related to arousal length. Each E+ E incidence is calculated in percent from 20 fractionized episodes involving trials with only initial E and trials with E+E responses lined up in increasing order of arousal length. Incidences are plotted against mean arousal lengths of the respective 20 episodes. A double circle represents 40 episodes, and a circle with asterisk 13 episodes.
to that observed for the E incidence of DF+E responses (EZURE and OSHIMA, 198la) .
As an important property of the late cellular responses, the excitatory tonus according to EEG stages has been demonstrated in DF+E cells (EzURE and OSHIMA, 1981a) . A similar tonus was found in E + E cells. Figure 8A and B illustrates parts of long-lasting recording from an E+E cell that involve three episodes of EEG arousal. By examining the EEG patterns in the motor (1) and visual cortices (2), at least five different states can be differentiated as represented in Fig. 8A and B with the marks of horizontal bars a-e. The respective records are 12 sec long, and are reproduced with a faster sweep speed in the lower half of Fig. 8 . The record e in the middle right figure shows the most intense arousal with sustained desynchronization in both the motor (1) and visual EEG (2). The record d (middle left) shows a pattern similar to the record e, but is a part of the EEG arousal shorter than that including e, as the original records demonstrate with a slow speed (A, B) . The record b (below e) is in moderate arousal because the visual EEG shows a slow wave pattern. The record c in the lower left-hand corner shows moderate synchronization in both the motor and visual cortices. Synchronization of the highest rank is seen in the record a in the bottom right figure with welldeveloped slow waves and spindling in the motor (1) and visual EEG (2).
The traces of membrane potential in Fig. 8A and B (3) are shown as a train of separate peaks, between which hyperpolarizing pulses are injected. As seen in A and B, the membrane potential fluctuates considerably, but this fluctuation strictly corresponds to the EEG pattern. In C, 13 peaks for each membrane potential record in a-e (A, B) are measured and plotted with different symbols, as given for respective specimen records of EEG (a-e). The mean level of membrane potential for each of five different states is indicated with a horizontal solid line Vol.31, No.5, 1981 A non-PT E+E cell in an encephale isole cat, the same as illustrated in Fig. 6 . A and B represent various stages in motor (1) and visual EEG (2) and membrane potentials (3) interrupted by hyperpolarizing pulse injections. In this particular display of membrane potentials in 3, an electrical low pass filter with a cut-off frequency of 1.1 Hz was used to reduce spontaneous synaptic noises. From A to B, records are skipped with interruption for 55 sec in between. A horizontal solid line (3) drawn through A and B gives a membrane potential level of -70 mV. In C, membrane potentials are plotted with different symbols, and their respective mean levels are indicated with solid lines corresponding to different EEG stages in a-e.
which is connected to the corresponding EEG records. These levels are in the order of EEG patterns from synchronization to desynchronization, with their lowest level associated with the highest synchronization (record a). Most E+E cells located in the middle and deep cortical layers (laminae III-VI) demonstrated the excitatory tonus such as shown in Fig. 8 , whenever a longlasting recording was possible. The main event in these cells throughout the periods from slow to fast EEG activity patterns was the changes in excitatory bombardments onto them, as has been similarly demonstrated in the case of DF+E cells (Fig. 11 in EZURE and OSHIMA, 1981a revealed by separate surges of depolarization (Fig. 5B) or by the response versus stimulus intensity or arousal length relationship consisting of plateau and rising limbs (Fig. 6) . In some cells, the excitatory tonus according to EEG stages (Fig. 8) (Fig. 5) suggest a neuronal mechanism of E+E responses. If the initial E response be caused as postulated earlier in the "arousal" circuit model of phasic EEG arousal (INUBUSHI et al., 1978b) , a cascade transmission may occur, as illustrated in Fig.5D , downwards through a relay formed by three excitatory neurones (I, II, and III with axons drawn by solid lines). The main excitatory input is e1, and is received by a superficial layer cell (I). This cascade model may explain a steep rising phase of initial E response in superficial layer cells (Fig. 5B ) and initially slow development of E response in deep layer cells (Figs. 1-3 ) (cf. INUBUSHI et al., 1978a) .
The late E response, on the other hand, develops rather later with a preceding trough in superficial layer cells (Fig. 5B) , whereas it fuses at its onset into the initial E response in deep layer cells (Figs. 1-3 ). These different time courses suggest that a cascade transmission is processed from deep to superficial layer cells through the upward projecting axons of I-III cells in Fig. 5D drawn with broken lines. The main excitatory inputs would then be e3 or e2.
This postulated mechanism of E+E responses may not be fully analyzed without thorough knowledge of the responses of other neurone species. The results of a more extensive study in a following paper (EzURE and OSHIMA, 1981b) will reveal clearly a situation of E+E responses in the organized pattern of activities interwoven by all cortical neurones. Possible neuronal devices other than the excitatory neurone-relay in Fig. 5D will also be suggested.
Functional implications. Possible biological functions of the continuously developing E+E response in slow PT cells (Figs. 1, 2) would correspond to the functions of the DF+E response in fast PT cells which have been postulated as a general set of neuronal activities in phasic EEG arousal and a subsequent active process of estimating the stimulus intensity in tonic EEG arousal (EzuRE and OSHIMA, 1981a) . Increasing late tonic excitation of slow PT cells would lead to raised activities of many target neurones belonging to the central motor control systems (TAKAHASHI et al., 1967 ; TSUKAHARA et al., 1968 ; KITAI et al., 1969 ; OSHIMA, , 1979 ALLEN et al., 1975; ARAKI et al., 1976; EVARTS and FROMM, 1977; FROMM and EVARTS, 1977 ; PILYAVSKY and GOKIN, 1978 ; FETZ and CHENEY, 1980) . These activities together with those exerted from excited fast PT cells may account for the animal's behaviour of investigating the environment.
Generally speaking, the E+E cells other than slow PT cells may also contribute to the investigatory response. However, details of their contribution await further Vol.31, No.5, 1981 examination.
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